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Cyclone Microseisms at Brisbane 
A New Method of Analysis 
By P. S. UPTON 
The records obtained from the Sprengnether .Horizontal component 
Seismometers were used in this investigation which was canied out in order to: 
l .  Develop a method of measuring microseism amplitudes that could be 
applied at all times, with particular emphasis on obtaining an early warning of 
the development of a cyclone. 
2. Test the method by applying it to the records obtained during the two 
cyclones in March, 1955. 
3. Establish whether there was any detailed correlation between the 
microseisms and the cyclones which would provide a basis for future investigation. 
1. Method of Analysis. 
The method of measuring microseisms amplitudes used by the U.S. Navy 
was found to be unsatisfactory for this purpose as it is only applicable after a 
cyclone has developed and therefore only rarely provides an earlier warning than 
other meteorological data. 
After preliminary trials, in which several methods of obtaining an average 
or representative value were tried, a simple mean amplitude method was decided 
on in which the double amplitudes of all waves, measured from minimum to 
maximum, was totalled for each minute and the mean ampJjtude for the minute 
found by dividing the total by the number of waves measured. 
The upper limit to the number of minutes used to obtain an average at a 
given time was set by the fact that many of the records taken during the March 
cyclones were only of half an hour duration. A detailed investigation of several 
half hour records was made in order to determine the least number of minutes 
required to give a reasonably accurate mean for that particular period. As a 
r.esult several arbitrary rules were drawn up to fix the method of measuring. 
(a) Only waves over 1.5 mm. were measured and cotmted, thus reducing 
the time required for measuring and as small movements are always present and 
are of no significance in this work, the accuracy was not reduced. 
(b) Five separate minutes were measured, every third minute being used. 
The preliminary investigation showed that patches of unusual microseisms (either 
very much smaller or very much larger than the majority), lasting for as much 
as two minutes, occurred occasionally. Separating the minutes used in determining 
the mean amplitude prevented these unusual patches from unduly influencing the 
results. 
(c) Measurements were made to the nearest 1/10 mm. measuring from 
minimum to maximum. · 
The time of the first minute, total amplitude, and the number of waves used, 
were recorded and the mean amplitude of the microseisms calculated. During 
most of the cyclones the number of waves measured to obtain the mean for a 
particular time was between 40 and 50. 
It is assumed that the amplitude of the storm microseisms recorded by a 
particular seismograph will be a continuous function of several independent variables, 
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i.e. , Intensity, Area, Distance. It is reasonable to suppose that the curve represent­
ing changes in the microseism amplitude should be continuous provided that the 
independent variables are also continuous. Therefore, if the method adopted for 
determining the miyroseism amplitude is accurate, values obtained at different 
times should form a smooth curve rather than appear as a scatter of points 
indicating a general trend. 
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Fig. 1--'---The Paths of _the two cyclones. March 1st-10th, full line. March 23rd-April 6th, 
broken line. 
The method adopted here uses all waves over 1.5 inm. recorded during the 
particular intervals examined. The mel¥1 _amplitude will be for waves arriving at 
t}1e station from, all sources. However, as the . cyclone microseisms appear to 
domin?-�e the rec:ord-their amplitude re.aching 30 nun. compared with the usual 
background of 2 or 3 mm.-the background will. have very little effect once the 
cy_clone microseisms b!lild up. It is to be expected that any correlation between 
the microseisms and the cyclone will be less marked at the beginning and end of 
the tnicroseisntic storm. 
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2. Comparison of Data. 
. Using this method of analysis the Sprengnether records for the two cyclones m March, 1955, were analysed and the Micro-amplitude data (i.e., the calculated 
mean amplitude of the microseisms) compared with the Meteorological information, 
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Fig. 2-Companson of MiC::rose.�sm amphtude (dots. and dashes) Wlth Pressure (full hne) and 
Distance (broken line) for the cyclone March 1st-10th. 
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Fig. 3-Comparison of Microseism amplitude (dots and dashes) with Pressure (full line) and 
Distance (broken line) for the cyclone March 23nl-April 8th. 
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the Meteorological Office take the pressure at the centre as a measure of the cyclone 
intensity; therefore the progressive changes in this pressure and the distance of 
the centre from Brisbane were plotted as well as the Micro-amplitude data. 
The Sprengnether Seismometers were being operated with periods between 
7 and 8 seconds and magnification greater than 10,000. 
Cyclone Mar. 1-10. Fig. 1, full line. Fig. 2. 
Fig. 2 shows the curves obtained by plotting the Micro-amplitude, Pressure 
and Distance curves respectively against Time. The bracketed sections of the 
graph indicate the times when the cyclone was over land. 
The cyclone travelled from a position to the north-east of New Caledonia 
in a south-westerly direction, crossing New Caledonia on its path to the Queensland 
coast. The pressure is believed to have remained constant as it approached the 
Queensland coast until the 6th. 
The variation in the Micro-amplitude during this time shoUld then be due 
to the change of either or both Distance and Position. The amplitude shows a 
gradual build up during the 1st and 2nd until 1200 hours on the 2nd, when there 
is a gradual decrease continuing during the 3rd while the cyclone was crossing 
New Caledonia. As the cyclone passed out to sea again on the 4th the Micro­
amplitude increased rapidly. 
On the morning of the 6th the Pressure at the centre dropped and the 
Micro-amplitude increased rapidly. As the cyclone crossed the coast on the 7th 
there was a sharp rise in the pressure as the cyclone began to fill, with a corresponding 
fall in the Micro-amplitude which continued as the cyclone passed inland. 
Cyclone Mar. 13-Apr. 6. Fig. l ,  broken line. Fig. 3. 
Two Seismometers were in operation during this cyclone, one recording 
North-South movements, the other East-West. Instrument 1120 was recording 
North-South and 1121 East-West until 1000 hrs. on the 26th, when the orientation 
of the instruments was interchanged. The period of l l20 was longer and the 
magnification higher than that of 1121. Unfortunately neither instrument was in 
operation for the whole time. 
The increase in the Micro-amplitude did not begin until the 25th, when the 
cyclone was about 1000 miles from Brisbane. The increase continued as both 
pressure and distance decreased until the cyclone crossed the coast, when the Micro­
amplitude started to decrease. The peak of the Micro-amplitude curve appears to 
lag behind the pressure change, but the exact position of the peak is uncertain 
as there were no records between 2300/26 and 0400/27. The second peak in the 
Micro-amplitude curve on the 28-29th (after the cyclone had passed out to sea 
again) corresponding to the decrease in the pressure is very clear on the records. 
� � �  ' . As the cyclone contmued to move further out to sea the amplitude decreased 
as both pressure and distance increased. At this stage the distance began to 
decrease again, but initially at an insignificant rate, so that a peak in the Micro­
amplitude curve on April 1st must be due almost solely to a temporary decrease 
in pressure. 
The cyclone then curved back towards the coast. The conditions mentioned 
above between the 3rd and 6th of March for the first cyclone discussed were now 
Iepeated. The pressure remained practically constant and the Micro-amplitude 
increased slowly as the distance decreased. * 
Two important facts appear from the Micro-amplitude curves for this cyclone. 
Firstly.-The orientation of the seismometers does not affect the Micro­
amplitude obtained by this mefhod. The orientation was interchanged at 1000 hrs. 
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Fig. 4-----Portion of Sprengnether record from 00 hrs. 28th March to 11 his. 29th March, showing 
rapid change in Microseism amplitude with peak amplitude at 00 his. 29th March. 
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on the 26th and it was expected that there would be a discontinuity in the curves 
as they were plotted with reference to instruments rather than'direction. However, 
no discontinuity appears in the analysis. This has been confirmed by measurements 
on more recent records, Micro-amplitude measurements being made on the records 
from two identical instruments recording at right angles. 
Secondly.-The correlation between the two Micro-amplitude curves suggests 
that the method adopted gives a reasonably accurate picture of the changes in the 
microseism amplitude. 
In order to establish whether there was any detailed correlation between 
the microseism amplitude and the Pressure and Distance Data, it was necessary 
to isolate some of the variables. The second cyclone provided a wide range of 
distances without a very great pressure change. Using this data and assuming a 
simple power relationship between the Micro-amplitude and the distance, the values 
of amplitude and distance were plotted on a logarithmic scale. Fig. 5 . 
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Fig. 5-Relation between Microseism amplitude and distance for cyclone 
March 23rd-April 6th of the form A oc nn. Slope shows that n- -!. 
Cyclone over Sea:- e Cyclone over Land:- A. 
The points for distances over 250 miles form a fairly good straight line. 
The slope of this line was found and a correlation coefficient calculated. 
A good correlation (0.95) for a slope of-! was found. For distances over 250 
miles we find that the Micro-amplitude is inversely proportional to the square 
root of the distance of the cyclone from the station. The theory for surface waves 
shows that as the waves spread out from a confined source the amplitude will be 
inversely proportional to the square root of the distance from the source. The 
result obtained above, therefore, confirms that the microseisms generated by the 
storm are surface waves. (Longuet-Higgins, 1952, p. 55) . 
The attenuation relationship should, hOwever, hold for all distances over 
20 miles within the accuracy of the other measurements. The change in slope in 
the graph is therefore likely to be related to the cyclone in some way. The nature 
of the relationship for distances less than 250 miles cannot be determined from 
the present data. The points obtained for these distances are rather scattered, 
partly due to the variation in intensity at this stage. It would seem that the 
inverse square root law can be applied, for this cyclone any way, to all points over 
200 miles, as these points fit the general trend shown in the next graph. (Fig. 6). 
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Assuming a relationship between amplitude and distance of the form: 
A oc D-:! 
The function ADi should then be related to the intensity of the storm and 
possibly to the position. 
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Fig. 6-Relation between the function ADi and Pressure for both cyclones 
for values of D > 200 miles of the form AD! OC Pn. Slope shows that n � -40. 
Cyclone over Sea:- e. Cyclone over Land:- • 
Using data from both cyclones for distances over 200 miles, the function 
ADt was plotted against the Pressure. (Fig. 6.) Apart from a group of points 
which will be discussed later, a fairly good line is shown. The slope of the line 
shows that a small change in the pressure at the centre will have a very great effect 
on the microseism amplitude. 
3. Conclusions. 
A comparison of the curves of ADi against time and of Pressure against 
time show a good general correlation, but it is apparent that there are other factors 
which influence the microseism amplitude. While the Pressure is taken as a general 
indication of the intensity of the cyclone, other factors such as the pressure gradient 
and area almost certainly have some effect on the microseism amplitude. It would 
seem at this stage, however, that their effect must be comparatively small in view 
of the relationships found above. The position of the cyclone can also be expected 
to influence the amplitudes recorded. 
The results for these two cyclones whose paths cover a considerable area, 
show no anomalies except perhaps where the cyclone was in the region around 
New Caledonia. However, more data than·is at present available is required from 
that area. 
One very important point which is revealed in these graphs is that the 
position of the cyclone, whether over land or sea, does not have any very great 
effect on the amplitude of the microseisms. There is no change of Micro-amplitude 
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as the cyclone passes inland other than that which can be accounted for by the 
intensity change. There is nothing at this stage to indicate that the amplitudes 
of the microseisms produced by a cyclone over the land will be significantly different 
from those produced by a cyclone of the same intensity at sea. This is to be 
expected from the Geological structure of this region if the microseisms are 
propagated in the manner suggested by Ewing and Press. (Ewing and Press, 
1948, p. 174.) 
The first cyclor.te provides for both land and sea a number of points between 
400 and 600 miles; the second cyclone for between 25 and 250 miles. The graphs 
do not reveal any marked difference in the relative positions of these points with 
respect to the rest. 
The group of points which do not fit with the general trend are taken between 
1200/2 Mar. and 1800/6 Mar. (A and B on the map, Fig. I, and diagram, Fig. 2). 
If the pressure during this time is a correct indication of the intensity then the 
Micro-amplitude should have been about three times as great as that recorded. 
There is nothing in the values from the second cyclon� to suggest that the amplitudes 
of the microseisms produced in this region should be less than normal. It would 
seem likely, therefore, that the pressure did not give a very good indication of 
the intensity of the-cyclone at this stage. 
The value of charts of equal amplitude for this station is rather doubtful in 
view of the possible large errors associated with the pressure estimates. However, 
if equal ratio charts for pairs of stations are built up, the Micro-amplitude at any 
station when corrected for distance will give a very clear indication of the intensity. 
4. General. 
Several change£ have been made in the operating procedure during cyclones, 
and several new instruments devised to ensure more complete records and more 
accurate analysis in the future. 
As the amplitude of the microseisms increases the record becomes confused, 
the traces tending to overlap. In the past it has been the practice to discontinue 
nonnal recording at this stage, the records becoming useless for both mic10- and 
macro-seismic work. While the amplitudes remained large, half hour runs were 
made at intervals to check the microseism amplitudes. 
In future the recorders for the two Sprengnether seismometers will be run 
continuously and a special switch--controlled by the programme clock-has been 
installed to switch off the recording lamp on alternate recorders for alternate half 
hours. This will in effect double the line spacing while still giving �a continuous 
picture of the microseism changes, as the orientation of the_ seismometer does not 
affect the Micro-amplitude reading. - ·  
A special measuring instrument �as .-be eli· designed and built which speeds 
up the measuring of the. microseism ampli�udes _as w�ll as increasing the accuracy. The new met-hod, now Ill use for the druly nucrose1sm measurements which are 
being made, uses all wave� over _2 mm. and the Micro-amplitude is determined 
from the mean of twenty mmutes mstead of five as was used for this investigation. 
The average obtained in this way is from the mean of at least 150 waves during 
any microseism build-up. 
A Sprengnether Seismometer has been installed in Townsville, where it is 
operated by the Meteorological Office staff. The Townsville records will be analysed 
With the Brisbane records to give additional data for further confirmation of the 
relationships indicated by the work to date as well as to provide data for Micro­
ratio charts. 
The earliest warning of any build�up in the microseism .amplitude is given by the number of waves above a certrun level. An electromc counter is being 
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designeq to count the number of microseisms over a given amplitude. Observation 
of the counting rate will give an early warning of any build-up in the microseism 
amplitude. 
A special · recorder is being designed which will record the counting rate, 
thus giving a continuous picture of the microsei,sm level. 
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